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Objective of Elementary Particle Physics
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from the smallest dimensions in microcosm
to the largest dimensions in the Universe
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Big Bang in the Lab?
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The Tevatron pp Collider at Fermilab
_
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30 September 2011

Tevatron complex shut 
down after 26 years
of successful operation.
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7The LHC pp Collider at CERN

5
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  June 3rd, 2015: First Collisions @ 13 TeV
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The Standard Model of Particle Physics
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Particle Masses
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The Top Quark
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Physics Groups: DØ Collaboration

EWK

Higgs Top

QCD

NP

B 
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➞ top physics collaboration
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Quantum
chromo-
dynamics

Electroweak
Physics

ToolsTools

Higgs
Boson 

New 
Phenomena

Properties
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History
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History of the Top Quark Search
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u+d+s u+d+s+cu+d+s+c+b

where is the top?

→ structure of quark 
families suggested 
existence of a 6th quark: 
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MW>mt+mb  �

History of the Top Quark Search
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Electroweak precision data

History of the Top Quark Search
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History of the Top Quark Search
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The Top Quark
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The Top Quark
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1000s of events

The Top Quark
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LHC:
top quark

factory

10000s of events
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The Top Quark

30



- Christian Schwanenberger -Top Quark Physics DESY Summer School

The Top Quark

31



- Christian Schwanenberger -Top Quark Physics DESY Summer School

The Top Quark

32

H



- Christian Schwanenberger -Top Quark Physics DESY Summer School

The Top Quark

33

H



- Christian Schwanenberger -Top Quark Physics DESY Summer School

The Top Quark

34



- Christian Schwanenberger -Top Quark Physics DESY Summer School

Top Quark Physics Topics

EWK

Higgs Proper
ties

QCD

NP

History

35

Quantum
chromo-
dynamics
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Top Quark Pair Production
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Tevatron 
(85%)

LHC
 (87%)

(14 TeV)
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Top Quark Pair Signatures

• high pT leptons, missing ET
• jets
• b-jets

τ’s
14%

dilepton (e/μ)
6%

e/μ+jets
34%

alljets
46%
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Dilepton Event
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Cross Section in Hadron Hadron Scattering
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What is a Cross Section?
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Dilepton Signatures

41
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Dilepton Signatures

42

very
powerful!
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Dilepton Signatures with b-tagging
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very
powerful!
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Dilepton cross section
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(stat)  (syst)  (lumi)  (beam)

Eur. Phys. J. C74 3109 (2014)

basically background 
free: just counting…

very
powerful!

±3.9%
±4.3%
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Top Pair Production Cross Section

➞ good agreement with each other
45
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Top pair production cross section

➞ (all) channels measured to look for the unexpected
➞ no new physics

8 TeV7 TeV
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Top pair production at hadron colliders

±3.9%
(eμ)

➞ experiments challenge theory again

±5.7%
(theo)
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Top pair production at hadron colliders
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±3.9%
(eμ)

➞ experiments challenge theory again

±5.7%
(theo)

eager to put 
a point here
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Top pair production at hadron colliders
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➞ experiments challenge theory again

boldly go 
where no 
man has 
gone before
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Top pair production at 13 TeV

➞ agreement with SM prediction

sum of scalar pT of all jets

“top quark peak”
first look at the new world 
energy frontier

50

July 2015
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Top pair production at 13 TeV

➞ agreement with SM prediction
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“Revolution” in Phenomenology
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• LO QCD+parton shower generators
    Pythia, Herwig, ...

• LO multileg generators matched 
with parton shower
    Alpgen+Pythia, Alpgen+Herwig, ...

• NLO+parton shower generators
    Powheg+Pythia, MC@NLO+Herwig, ...

• NLO+LO multileg generators 
matched with parton showers

• NNLO QCD calculations
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Differential, unfolded: top pT

7 TeV

8 TeV

2 TeV
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Differential, unfolded: top pT

looks 
better

7 TeV

8 TeV

13 TeV

2 TeV
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\
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Electroweak
Physics

Top Quark Physics Topics
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Single Top Quark Production

⇒ important to measure all channels separately to search for new physics
    BUT: do not separate Wt in higher orders -an unphysical question!

56
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Single Top Quark Selection
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σt =  2.12±0.16 pb
NLO+NNLL, mt = 172.5 GeV

σs =  1.05±0.06 pb
NLO+NNLL, mt = 172.5 GeV
Kidonakis, PRD 81, 054028 (2010)

muon

missing
ET

b-jet

b-jet

Kidonakis, PRD 83, 091503 (2011)
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Single Top Quark Yields: pretag

58

• best s/b: ~1/200 before b-tagging
 best s/b: ~1/10 after b-tagging
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Single Top Quark Yields: b-tagged
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• best s/b: ~1/200 before b-tagging
• best s/b: ~1/10 after b-tagging
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Single Top Quark Yields: b-tagged
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• best s/b: ~1/200 before b-tagging
• best s/b: ~1/10 after b-tagging

• number of jets and 
number of b tags to define 
samples
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Multivariate Analyses
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Boosted Decision Trees
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Boosted Decision Trees
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Output Discriminant for s+t channel
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CDF-CONF 10793
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Output Discriminant for s+t channel
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Phys. Rev. Lett. 113, 261804 (2014)

➞ s+t channel observed by CDF and D0 in 2009
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Single Top Quark Observation
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Single top t-channel cross section
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➞ agreement with SM predictions!
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s- and Wt-channel  Production
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➞ observation: 6.3 s.d. ➞ observation: 6.1 s.d.
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Single channel cross sections

➞ observation|Vtb|=0.998±0.041
75

➞ all production modes observed!
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Direct measurement of |Vtb|

➞ observation|Vtb|=0.998±0.041
76

±4.1%

➞ agrees with SM


